Single crystals of A2Cr3As3 (A = K, Rb) were successfully grown using a self-flux method and studied via structural, transport and thermodynamic measurement techniques. The superconducting state properties between the two species are similar, with critical temperatures of 6.1 K and 4.8 K in K2Cr3As3 and Rb2Cr3As3, respectively. However, the emergence of a strong normal state electronic anisotropy in Rb2Cr3As3 suggests a unique electronic tuning parameter is coupled to the inter-chain spacing in the A2Cr3As3 structure, which increases with alkali metal ionic size while the one-dimensional [(Cr3As3) 2− ]∞ chain structure itself remains essentially unchanged. Together with dramatic enhancements in both conductivity and magnetoresistance (MR), the appearance of a strong anisotropy in the MR of Rb2Cr3As3 is consistent with the proposed quasi-one-dimensional character of band structure and its evolution with alkali metal species in this new family of superconductors. The crystal structure of A 2 Cr 3 As 3 indeed has onedimensional elements, composed of double-walled subnanotube [Cr 3 As 3 ] ∞ chains separated by alkali metal atoms in a hexagonal unit cell, as shown in Fig. 1 . This chain crystal structure is quite similar to the well known quasi-1D superconductors such as the Bechgaard salts [6, 7] , and purple bronzes Li 0.9 Mo 6 O 17 [8] and Tl 2 Mo 6 Se 6 [9]. The reported superconducting state properties show some indications of reduced dimensions, including a very large upper critical field H c2 that exceeds the Pauli limit [1, 2, 10], and provide some evidence for an unconventional pairing mechanism, as evidenced by power law behavior in specific heat [2] and penetration depth measurements [11] on polycrystalline samples, as well as strong magnetic fluctuations in nuclear magnetic resonance [12] measurements. However, due to the difficulties in interpreting measured properties of polycrystalline samples with potential low-dimensional aspects, it is imperative that single-crystalline samples are studied. For instance, reports of an unusual linear temperature dependence of resistivity in polycrystalline samples of K also reports a relatively weak anisotropy of the amplitude of H c2 between fields applied parallel (H ) and perpendicular (H ⊥ ) to the needle-like crystal orientation,which is the (00l ) direction of the crystal structure, raising the question about the dimensionality of the electronic structure in the A 2 Cr 3 As 3 family.
Single crystals of A2Cr3As3 (A = K, Rb) were successfully grown using a self-flux method and studied via structural, transport and thermodynamic measurement techniques. The superconducting state properties between the two species are similar, with critical temperatures of 6.1 K and 4.8 K in K2Cr3As3 and Rb2Cr3As3, respectively. However, the emergence of a strong normal state electronic anisotropy in Rb2Cr3As3 suggests a unique electronic tuning parameter is coupled to the inter-chain spacing in the A2Cr3As3 structure, which increases with alkali metal ionic size while the one-dimensional [(Cr3As3)
2− ]∞ chain structure itself remains essentially unchanged. Together with dramatic enhancements in both conductivity and magnetoresistance (MR), the appearance of a strong anisotropy in the MR of Rb2Cr3As3 is consistent with the proposed quasi-one-dimensional character of band structure and its evolution with alkali metal species in this new family of superconductors. The recent discovery of superconductivity in A 2 Cr 3 As 3 (A = K [1] , Rb [2] and Cs [3] ) has garnered significant attention due to the possible presence of reduced dimensionality in both normal and superconducting state properties. Superconductivity in quasi-one-dimensional (quasi-1D) systems presents a unique set of properties, including exotic deviations from expected behavior such as found in orbital magnetic field properties, as well as unconventional pairing in the form of singlet d-wave [4] and triplet p-wave [5] order parameters that emerge.
The crystal structure of A 2 Cr 3 As 3 indeed has onedimensional elements, composed of double-walled subnanotube [Cr 3 As 3 ] ∞ chains separated by alkali metal atoms in a hexagonal unit cell, as shown in Fig. 1 . This chain crystal structure is quite similar to the well known quasi-1D superconductors such as the Bechgaard salts [6, 7] , and purple bronzes Li 0.9 Mo 6 O 17 [8] and Tl 2 Mo 6 Se 6 [9] . The reported superconducting state properties show some indications of reduced dimensions, including a very large upper critical field H c2 that exceeds the Pauli limit [1, 2, 10] , and provide some evidence for an unconventional pairing mechanism, as evidenced by power law behavior in specific heat [2] and penetration depth measurements [11] on polycrystalline samples, as well as strong magnetic fluctuations in nuclear magnetic resonance [12] measurements. However, due to the difficulties in interpreting measured properties of polycrystalline samples with potential low-dimensional aspects, it is imperative that single-crystalline samples are studied. For instance, reports of an unusual linear temperature dependence of resistivity in polycrystalline samples of K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 [1, 2] have been contradicted by a recent single-crystal study of K 2 Cr 3 As 3 [10] , which also reports a relatively weak anisotropy of the amplitude of H c2 between fields applied parallel (H ) and perpendicular (H ⊥ ) to the needle-like crystal orientation,which is the (00l ) direction of the crystal structure, raising the question about the dimensionality of the electronic structure in the A 2 Cr 3 As 3 family.
Here we report the successful growth of both K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 single crystals and their normal and superconducting state properties based on structural, transport, magnetic and thermodynamic measurements. Comparing normal state transport properties between K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 single crystal samples reveals several key differences, including a large increase in the electrical conductivity in Rb 2 Cr 3 As 3 consistent with the proposed band structure evolution, as well as the emergence of a strong magnetoresistance magnitude and anisotropy in Rb 2 Cr 3 As 3 that we relate to a tunable reduced structural dimensionality that is controlled by the alkali metal species in the A 2 Cr 3 As 3 system. K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 single crystals were grown using a self-flux method as previously reported [1, 10] . Pieces of K and Rb alkali metal (99.8%, Alfa Aesar) and chromium (99.999%, Alfa Aesar) were combined with arsenic powder (99.99%, Alfa Aesar) into an alumina crucible and sealed in a nitrogen glove box using a stainless steel tube/swagelok cap configuration [13] . Growths were heated up to 1000 o C and kept at this temperature for one day, followed by slow cooling down to 650 o C. The swagelok enclosure was then re-opened in a glovebox, revealing many single crystals with shiny, silver coloring and a thin, long needle-like shape that extends along the crystallographic [001] axis. Crystals were mechanically removed from the crucibles and visually inspected for residual flux and crystalline quality. We note that Rb 2 Cr 3 As 3 crystals are much more reactive than K 2 Cr 3 As 3 , resulting in larger uncertainties in sample mass determinations. Resistivity measurements were performed using the standard four-terminal configuration in a commercial cryostat system. Contacts were made in a glovebox using silver paint, followed by coating of samples with Apiezon N-grease to avoid air exposure. Magnetization measurement were taken using both a commercial SQUID magnetometer and vibrating sample magnetometer for K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 samples, respectively. A needle-like specimen of Rb 2 Cr 3 As 3 with approximate dimensions 0.01 mm × 0.03 mm × 0.39 mm was used for x-ray crystallographic analysis with intensity data measured using a Bruker APEX-II CCD system equipped with a graphite monochromator and a MoKa sealed tube (λ = 0.71073Å), with data collection performed at 90 K and 250 K. The structure was solved and refined using the Bruker SHELXTL Software Package, using the space group P6m2, with Z = 2 for the formula unit, Rb 2 Cr 3 As 3 . The final anisotropic full-matrix leastsquares refinement on F2 with 23 variables converged to R1 (w R2 ) = 3.39% (8.37%) and 3.85% (9.96%) at 90 K and 250 K, respectively.
The lattice parameters of Rb 2 Cr 3 As 3 are larger than those of K 2 Cr 3 As 3 , with the larger ionic radius of Rb (1.52Å) as compared to K (1.38Å) increasing the spacing between the [Cr 3 As 3 ] ∞ chains as shown in Fig. 1 . Table I presents the atomic coordinates obtained from single-crystal x-ray analysis of Rb 2 Cr 3 As 3 , with results well refined using a hexagonal crystal structure (P6m2) and showing no symmetry changes when cooling down to 90 K. The unit cell of Rb 2 Cr 3 As 3 is 3.2% and 0.5% larger than that of K 2 Cr 3 As 3 [1] along the a-and caxis directions, respectively. However, in contrast to the chain structure distortion previously reported for polycrystalline samples [1] , the [(Cr width is almost identical for Rb 2 Cr 3 As 3 and K 2 Cr 3 As 3 as shown in Table II , displayed more clearly in Fig. 1 . The Cr1-Cr1, Cr1-Cr2 and Cr2-Cr2 bond distances change less than 0.6% between K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 , while the alkali metal-arsenic bonds change by 3-4%, consistent with a more simple expansion of the interchain distances with larger alkali metal units and almost no influence on the chain structure itself. This presents a unique ability to tune the electronic density of a system while keeping the important structural elements unchanged, providing for an interesting "knob" to use for studying the emergence of reduced dimensional properties. The electrical resistivity of K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 single crystals along the [001] needle direction is presented in Fig. 2 , showing T c values of 6.1 K and 4.8 K, respectively, consistent with previous reports [1, 2, 10] . Transport behavior of K 2 Cr 3 As 3 crystals is quite similar to that previously reported for single-crystal samples [10] , showing a marked difference in the temperature dependence as compared to polycrystalline samples that exhibit an anomalous linear temperature dependence above T c [1] [2] [3] . The residual resistivity ratio RRR=R(300 K)/R(7 K) for K 2 Cr 3 As 3 is 15, slightly larger than the reported value of 10 for polycrystals [1, 10] and smaller than in previous work [10] . For the latter study, the reported ratio is 50 while the residual resistivity of ρ 0 ≃ 25 µΩcm is about half of the value measured in this study, indicating a notable sample dependence of resistivity without a notable change in T c . For single-crystal Rb 2 Cr 3 As 3 synthesized in the exact same [2] studies, likely indicating very high crystalline purity in this system and a possible sensitivity to grain boundary effects as encounted in polycrystalline studies. Interestingly, the resistivity (∼200 µΩcm) of singlecrystal Rb 2 Cr 3 As 3 at 300 K is notably reduced compared to that of K 2 Cr 3 As 3 , by a factor of approximately four. Assuming the phonon scattering is similar in the two compounds, this decrease may be a result of qualitative changes in the electronic structure, consistent with the theoretical prediction of significant changes in the Fermi surface by J. Wu et al [14] , who point out that an extra quasi-1D surface near [0 0 π] and changes in the three-dimensional surfaces could result in an increase in conductivity in Rb 2 Cr 3 As 3 as compared to K 2 Cr 3 As 3 . We also observe striking contrasts in the magnetoresistance (MR) of K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 crystals. The extremely small MR measured in K 2 Cr 3 As 3 (<1% at 7 K and 14 T) is similar to that found in previous work [10] , with no measurable difference between the MR measured in both transverse (H⊥[001]) and longitudinal H [001]) configurations up to 14 T. This is in stark contrast to the MR of Rb 2 Cr 3 As 3 (Fig. 3) , which exhibits a 325% increase in H⊥[001] MR at 7 K and 14 T that is quasiparabolic and linear for H ⊥ and H orientations, respectively. Moreover, the anisotropy exhibits a two-fold symmetry in field-angle rotation measurements shown in Fig. 3 , with a 200% change in magnitude between H ⊥ and H orientations. Considering the similarity of the two systems in all other known properties, this dramatic increase in MR and appearance of strong anisotropy is considered strong evidence for the appearance of quasi-1D components in the electronic structure, consistent with theoretical predictions as noted above [14] .
The magnetic susceptibility χ of K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 single crystals, shown in Fig. 4 , confirms the onset of diamagnetic Meissner screening at the same T c values reported above. In K 2 Cr 3 As 3 , a shielding fraction of ∼90% is estimated using the zero-field-cooled χ(T ) curve, indicating a significant bulk fraction of superconductivity. In Rb 2 Cr 3 As 3 , a smaller apparent fraction of ∼30% may be due to difficulties in measuring the much smaller crystals, with needle diameters of 30 µm as compared to 80 µm for K 2 Cr 3 As 3 crystals, and/or due to greater errors in mass determination because of the much more reactive nature of the compound. The isothermal magnetization M was measured for both systems at 1.8 K, as shown in the insets of Fig. 4 showing a clear jump in specific heat C at T c as shown in Fig. 5 . The jump is found to decrease in temperature as magnetic field is increased, indicating the suppression of a bulk superconducting phase transition with field. T c obtaining from the middle point of the jump were plotted in Fig. 7 , which shows remarkably consistency with the transport data. Fitting the normal state heat capacity with the expression C/T =γ n +βT 2 , yields values for the electronic Sommerfeld coefficient γ n = 39.5 mJ K −2 mol −1 and the phonon coefficient β = 2.8 mJ K −4 mol −1 . The value for γ n is somewhat smaller than that reported for polycrystalline samples (55.1 mJ K −2 mol −1 ) [2] , while that of β is close to previous reports. We extract the electronic component C e using these parameters and plot its temperature dependence as C e /(γ n T) in the inset of Fig. 5 , showing the dimesionless heat capacity jump at T c to be ∆C/γ n T c =0.62, much lower than the reported values of 1.8 in Rb 2 Cr 3 As 3 [2] and 2.0-2.4 in K 2 Cr 3 As 3 [1, 10] ). It is also lower than the BCS value of 1.43 expected for a conventional superconductor, which could be related to the apparent reduced superconducting volume fraction observed in susceptibility measurements noted above, or more intrinsic origins to do with the nature of superconductivity that require further investigation at lower temperatures.
In order to understand the extent of influence of quasi-1D band structure components on the superconducting state, the anisotropy of H c2 was investigated in both K 2 Cr 3 As 3 and Rb 2 Cr 3 As 3 . The resistive transition was tracked as a function of field angle, as shown in Figs. 6 and 7, using orientation angles θ = 0
• , 45
• , 60
• and 90
• from the H ⊥ orientation for K 2 Cr 3 As 3 and θ = 0
• for Rb 2 Cr 3 As 3 . For K 2 Cr 3 As 3 , the initial slope dH c2 (T c )/dT varies from 5.0 T/K to 16.1 T/K, as observed previously [10] , with a rapid increase that is even more significant than what were observed in other quasi-1D superconducting state, as shown in Fig. 8 . For Rb 2 Cr 3 As 3 , the initial slope dH c2 (T c )/dT has a similar range between H ⊥ and H orientations, with values of 4.4 T/K and 14 T/K, respectively. However, the temperature dependence of H c2 (T ) in Rb 2 Cr 3 As 3 is quite different than that of K 2 Cr 3 As 3 in the field range up to 14 T, showing a positive curvature for H ⊥ and negative curvature for H as shown in Fig. 7 . In fact, the H c2 (T ) curves for the two field orientations cross near ∼12 T, in a manner similar to that observed in other classic quasi-1D superconductors such as (TMTSF) 2 ClO 4 [15] and (TMTSF) 2 PF 6 [16] . In these organic superconductors, a similar trend is observed where a diverging temperature dependence is observed in the H ⊥ orientation, while a saturating Pauli-limited dependence occurs for H (parallel to the conducting direction). In Li-based purple bronze, such Pauli-limited behavior can be also observed with fields applied along the conducting chain, while a divergent behavior is observed in the other two field orientations [17] .
Recent pulsed-field work on K 2 Cr 3 As 3 single crystals indeed shows such a crossing to occur at higher fields, with H ⊥ c2 (T ) surpassing H c2 (T ) near 15 T and indications of Pauli-limited behavior in the H orientation [18] . Fig. 8 presents a comparison between the A 2 Cr 3 As 3 compounds and the organic systems (TMTSF) 2 ClO 4 and (TMTSF) 2 PF 6 , plotting the temperature dependence of the H c2 anisotropy parameter Γ(T ) = H c2 (T )/H ⊥ c2 (T ) (with H and H ⊥ relative to the c-axis for A 2 Cr 3 As 3 , and in the directions of a-and c-axis directions, respectively, for TMTSF salts). A similar change in Γ, from large near T c to near unity at lower temperatures, is seen in both the organics and A 2 Cr 3 As 3 materials, in- Tc of K2Cr3As3 and Rb2Cr3As3 are defined using the midpoint between zero and full resistance. The data for TMTSF salt is taken from Refs. [15] and [16] , and highfield data for K2Cr3As3 is from Ref. [18] . dicating a resemblance. Although a similar Γ(T ) evolution was also found in higher-dimensional systems such as K-doped BaFe 2 As 2 [19, 20] , the notable difference is in the crossing (i.e., Γ=1) point, where the H ⊥ component begins to take off in the quasi-1D systems. While a mild anisotropy was previously reported for K 2 Cr 3 As 3 single crystals [10] , it is clear that the observable trend in the limited field range available for our measurements of K 2 Cr 3 As 3 is very similar to that of Rb 2 Cr 3 As 3 , and indeed follows the same behavior at higher fields [18] as shown in Fig. 8 for a normalized temperature regime.
Although higher field data for Rb 2 Cr 3 As 3 is lacking, the apparent likeness of Γ(T ) between Rb 2 Cr 3 As 3 and K 2 Cr 3 As 3 presents an apparent contradiction: contrasting MR anisotropies are suggestive of a highly tunable quasi-1D normal state electronic structure that differs in the two compounds, while the normalized Γ(T ) behavior are very comparable for each. This conundrum could be readily dismissed if Pauli limiting were the dominant pairbreaking mechanism, as the comparison of superconducting condensation energy and Zeeman energy is, to first order, independent of details of the electronic band structure of the host material. However, the observed combination of orbital (H ⊥ ) and Pauli (H ) limited H c2 behaviors in K 2 Cr 3 As 3 [18] calls for a less simplified explanation. For instance, the spin-locked Cooper pairing scenario proposed by Balakirev et al., where the pair singlet spins are pinned along the quasi-1D chain direction [18] , may provide a pairbreaking scenario common to all A 2 Cr 3 As 3 superconductors, given their pairing attraction is indeed tied to a low-dimensional spin fluctuation mechanism in all three systems. Above all, this highlights the need for detailed experimental studies of the electronic structure as well as higher-field H c2 studies of Rb 2 Cr 3 As 3 in order to understand how the anisotropy of superconducting state properties is affected by the strongly enhanced normal state anisotropy found in Rb 2 Cr 3 As 3 .
In summary, we report successful synthesis of highquality A 2 Cr 3 As 3 single crystals with A = K and Rb using a self-flux method, providing the first comparison of single-crystal properties between two members of this new superconductor family. The increase in ionic size from K to Rb causes an increase in the spacing between quasi-one-dimensional chains in the hexagonal crystal structure of Rb 2 Cr 3 As 3 as compared to K 2 Cr 3 As 3 , while keeping the intra-chain dimensions mostly unchanged. While the superconducting state properties are comparable between the two systems, the normal state resistivity shows a striking evolution, with a 325% enhancement of magnetoresistance and appearance of strong anisotropy in Rb 2 Cr 3 As 3 . These properties point to a strong quasi-one-dimensional component in the electronic properties that evolves with enhanced unit cell dimensions in the A 2 Cr 3 As 3 system. The similarities to other well-established quasi-1D superconductors deserves further attention.
